Introduction {#ss1}
============

Although the incidence of gastric cancer (GC) has been declining in recent years, it remains one of the most important causes of cancer-related death in China ([@CIT0001; @CIT0002; @CIT0003]). Curative surgery is the treatment of choice for GC, and radical lymph node (LN) dissection is an important part of curative resection ([@CIT0004; @CIT0005]). However, mortality for those diagnosed with GC remains high, because many patients are diagnosed with advanced-stage disease. At present, advanced GC accounts for 92%--95% of cases in China, 40%--60% in Japan, and 80%--90% in Europe ([@CIT0002; @CIT0006; @CIT0007]).

However, the extent of LN dissections in GC remains controversial. East Asian surgeons, especially Japanese surgeons, routinely perform gastrectomy with D2 dissection. However, most Western surgeons perform D1 dissection, because D1 was associated with less mortality and morbidity than D2 in prospective randomized trials performed in the Netherlands and the UK, leading to the conclusion that there was no survival benefit for D2 over D1 dissection ([@CIT0008; @CIT0009]). However, more recent studies have demonstrated that Western surgeons at experienced centers can be trained to perform D2 dissection for selected Western patients with low morbidity and mortality ([@CIT0010; @CIT0011; @CIT0012]). Fifteen-year follow-up results of the Dutch trial were recently reported ([@CIT0013]). They reported that D2 dissection was associated with lower loco-regional recurrence and GC-related death rates than D1. They concluded that D2 dissection is the recommended surgical approach for patients with resectable GC. A meta-analysis of 5 randomized trials involving 1642 patients (845 D1 and 797 D2) showed that earlier trials with D2 have higher operative mortality while recent trials have similar rates, and the 5-year overall survival was similar between D1 versus D2 trials ([@CIT0014]).

It is generally accepted that D2 lymphadenectomy is the standard procedure for patients with advanced GC in China. According to the Japanese Gastric Cancer Association N-classification, all LNs are numbered as stations (No. 1 to No. 112) and grouped by their anatomical position ([@CIT0015]). Based on this grouping system, the LNs closest to the stomach (the perigastric LNs, No. 1 to No. 6) are defined as group 1, the more extraperigastric LNs (No. 7 to No. 11), including No. 12a (along the hepatic artery in the hepatoduodenal ligament), are defined as group 2, and all LNs more distal to the stomach than No. 12b are defined as group 3. In this classification system, no evidence of LN metastasis is defined as N0, metastasis only to LNs in group 1 is defined as N1, metastasis to group 2 but not to group 3 LNs is defined as N2, and metastasis to group 3 LNs is defined as N3. Generally, D1 dissections have involved the resection of perigastric LNs, and D2 dissections are typically more extended and include dissections of more distant LNs including No. 12a. According to the Japanese classification system, the hepatoduodenal LNs are sub-classified as No. 12a when they occur along the hepatic artery, No. 12b when they are present along the bile duct, and No. 12p when they are found behind the portal vein. However, most studies have focused on LN metastasis only in the No. 12a or in No. 12 LNs as a whole. In contrast, there have been few studies regarding metastasis to the No. 12p and No. 12b LNs ([@CIT0016; @CIT0017; @CIT0018]).

The aim of this study was to investigate the risk factors for No. 12p and No. 12b LN metastases in advanced GC.

Patients and methods {#ss2}
====================

Patients {#ss3}
--------

From January 1999 to December 2005, a retrospective analysis was conducted of 163 consecutive patients with advanced GC who underwent D2 lymphadenectomy with additional dissections of No. 12p and No. 12b LNs at the Department of Oncological Surgery, Zhejiang Cancer Hospital (Hangzhou, China) and Department of General Surgery, Southeast Hospital Affiliated to Xiamen University (Xiamen, China). The inclusion criteria were as follows: 1) advanced GC; 2) adenocarcinoma confirmed by histopathology; 3) physical fitness suitable for surgery; 4) D2 lymphadenectomy with additional dissections of No. 12p and No. 12b LNs; and 5) no prior history of any type of adjunctive therapy. The exclusion criteria were as follows: 1) older than 80 years of age; 2) previous or concomitant other cancer; 3) previous or concomitant gastrectomy for benign disease; 4) previous chemotherapy or radiotherapy; 5) esophageal involvement; or 6) distant metastatic disease.

All of the above patients were followed up by posting letters or by telephone interviews. The last follow-up was 30 September 2009. The clinicopathological and follow-up findings were collected and recorded in the database. All subjects gave written informed consent to the study protocol, which was approved by the Ethical Committees of Zhejiang Cancer Hospital and Xiamen University.

Surgery {#ss4}
-------

All patients in the study underwent standard total or distal gastrectomy, depending on the location and macroscopic appearance of the primary tumor ([Table I](#T1){ref-type="table"}). In the present study, distal gastrectomies were performed principally for tumors located in the lower third of the stomach. For tumors in the middle third, either distal or total gastrectomies were performed, depending on the direction of tumor invasion. Total gastrectomies were used for tumors in the upper third of the stomach and those occupying the entire stomach. The strategy for LN dissections was determined using a standardized technique according to the guidelines of the 2010 Japanese Classification of Gastric Cancer and Gastric Cancer Treatment Guidelines edited by the Japanese Gastric Cancer Association ([@CIT0019]). LN dissections consisted of the removal of the perigastric nodes (stations 1--6) and extraperigastric nodes, including those along the left gastric artery (station 7), the common hepatic artery (station 8a), the celiac axis (station 9), and the splenic artery (station 11), as well as those in the splenic hilum (station 10) and the hepatoduodenal ligament (station 12, including 12a, 12p, and 12b).

###### 

LN dissections in standard distal and total gastrectomies.

                  Distal gastrectomy       Total gastrectomy
  --------------- ------------------------ --------------------------------
  D1 dissection   1, 3, 4sb, 4d, 5, 6, 7   1, 2, 3, 4d, 4sa, 4sb, 5, 6, 7
  D2 dissection   D1 + 8a, 9, 11, 12a      D1 + 8a, 9, 10, 11, 12a

Distal gastrectomies were performed principally for tumors located in the lower third of the stomach. For tumors in the middle third, either distal or total gastrectomies were performed, depending on the direction of tumor invasion. Total gastrectomies were used for tumors in the upper third of the stomach and those occupying the entire stomach.

Clinicopathological characteristics {#ss5}
-----------------------------------

The clinicopathological findings, including depth of tumor invasion and LN metastases, were used to stage tumors according to the 7th edition of the International Union Against Cancer classification system ([@CIT0020]). LNs were dissected and described according to the Japanese Classification of Gastric Carcinoma ([@CIT0019]), which was also used to classify the location, histological type, and lymphatic invasion of tumors. The gross appearance of each tumor was classified using Borrmann\'s classification ([@CIT0021]). According to this classification, tumors can be divided into superficial tumors, well-defined tumors, and ill-defined tumors. Furthermore, they can be classified as well-defined tumors (polypoid or fungating type, Borrmann\'s type I) and circumscribed excavating type (Borrmann\'s type II). The ill-defined tumors are ulcerated and infiltrating type (Borrmann\'s type III) and diffusely thickened type (Borrmann\'s type IV).

Statistical analysis {#ss6}
--------------------

Statistical analyses were conducted using Statistical Product for Social Sciences (SPSS) 17.0 software (SPSS, Inc., Chicago, IL, USA). The distribution of baseline characteristics between patients with and without No. 12p and No. 12b LN metastases was compared by using either Fisher\'s exact test or the chi-square test. Significant factors were extracted for further analysis, which was conducted by using the logistic regression method. Furthermore, LN metastasis was evaluated for any independent factor with regard to No. 12p and No. 12b LN metastases, using similar methods as above. The overall cumulative probability of survival was calculated by the Kaplan--Meier method, and differences were assessed by using the log-rank test. A *P* value less than 0.05 was considered to be statistically significant.

Results {#ss7}
=======

Clinicopathological characteristics {#ss8}
-----------------------------------

Among the 163 patients, 112 (68.7%) were men and 51 (31.3%) were women. The mean age was 62.5 ± 13.7 years, with an age range from 38 to 79 years. There were 15 cases (9.2%) with No. 12p LN metastases and 5 cases (3.1%) with synchronous No. 12b LN metastases. There were no statistically significant differences between the metastastic rates of the lower stomach compared to cancer of the middle or upper third of the stomach ([Table II](#T2){ref-type="table"}). The clinicopathological characteristics are shown in [Table III](#T3){ref-type="table"}. From the variables considered to be potentially associated with No. 12p and No. 12b LN metastases, age (*P* = 0.017), Borrmann type (*P* = 0.005), localization (*P* = 0.024), tumor size (*P* = 0.007), and depth of invasion (*P* = 0.000) were found to differ significantly between patients with and without No. 12p and No. 12b LN metastases ([Table III](#T3){ref-type="table"}). There were no significant differences between these two groups in terms of gender, tumor location, or histological type. A logistic regression analysis showed that the Borrmann type (III/IV versus I/II, *P* = 0.029), localization (lesser/circular versus greater, *P* = 0.025), and depth of invasion (pT4 versus pT2/pT3, *P* = 0.009) were associated with 11.1-, 3.8-, and 5.6-fold increases, respectively, for risk of No. 12p and No. 12b LN metastases ([Table IV](#T4){ref-type="table"}).

###### 

Frequency of No. 12 LN metastases according to the tumor location.

                      No. 12a (*n*, %)   No. 12p (*n*, %)   No. 12b (*n*, %)
  ------------------- ------------------ ------------------ ------------------
  Upper (*n =* 60)    4 (6.7)            3 (5.0)            0 (0.0)
  Middle (*n =* 53)   9 (17.0)           6 (11.3)           2 (3.8)
  Lower (*n =* 26)    5 (19.2)           4 (15.4)           2 (7.7)
  Total (*n =* 24)    3 (12.5)           2 (8.3)            1 (4.2)

The metastatic rate of the lower stomach was higher than that of cancer of the middle or upper third of the stomach; no statistically significant differences in lymphatic metastases were found between different tumor locations of the stomach.

###### 

Characteristics in 163 patients with and without No. 12p and No. 12b LN metastases.

                      Positive (*n*, %)   Negative (*n*, %)   Total (*n*, %)   *P* value
  ------------------- ------------------- ------------------- ---------------- -----------
  Age (years)                                                                  0.017
   ≤ 60               4 (26.7)            87 (58.8)           91 (55.8)        
   \> 60              11 (73.3)           61 (41.2)           72 (44.2)        
  Gender                                                                       0.445
   Male               9 (60.0)            103 (69.6)          112 (68.7)       
   Female             6 (40.0)            45 (30.4)           51 (31.3)        
  Borrmann type                                                                0.005
   I/II               1 (6.7)             65 (43.9)           66 (40.5)        
   III/IV             14 (93.3)           83 (56.1)           97 (59.5)        
  Tumor location                                                               0.358
   Upper              3 (20.0)            57 (38.5)           60 (36.8)        
   Middle             6 (40.0)            47 (31.7)           53 (32.5)        
   Lower              4 (26.7)            22 (14.9)           26 (16.0)        
   Total              2 (13.3)            22 (14.9)           24 (14.7)        
  Localization                                                                 0.024
   Greater            2 (13.3)            43 (29.1)           45 (27.6)        
   Lesser             7 (46.7)            85 (57.4)           92 (56.4)        
   Circular           6 (40.0)            20 (13.5)           26 (16.0)        
  Tumor size (cm)                                                              0.007
   ≤ 4                1 (6.7)             25 (16.9)           26 (16.0)        
   \> 4,\< 8          3 (20.0)            75 (50.7)           78 (47.8)        
   ≥ 8                11 (73.3)           48 (32.4)           59 (36.2)        
  Depth of invasion                                                            0.000
   pT2                1 (6.7)             22 (14.9)           23 (14.1)        
   pT3                3 (20.0)            91 (61.5)           94 (57.7)        
   pT4                11 (73.3)           35 (23.6)           46 (28.2)        
  Histological type                                                            0.143
   Differentiated     3 (20.0)            58 (39.2)           61 (37.4)        
   Undifferentiated   12 (80.0)           90 (60.8)           102 (62.6)       

Positive = patients with No. 12p and No. 12b LN metastases; Negative = patients without No. 12p and No. 12b LN metastases.

###### 

Logistic regression analysis of characteristics for No. 12p and No. 12b LN metastases.

                      B value   SE      Wald    *P* value   Hazard ratio (95% CI)
  ------------------- --------- ------- ------- ----------- ------------------------
  Age                 1.295     0.687   3.556   0.059       3.651 (0.950--14.029)
  Borrmann type       2.409     1.105   4.754   0.029       11.127 (1.276--97.034)
  Localization        1.335     0.597   4.994   0.025       3.800 (1.178--12.255)
  Tumor size          0.917     0.593   2.385   0.122       2.501 (0.781--8.002)
  Depth of invasion   1.730     0.662   6.826   0.009       5.641 (1.541--20.655)

A logistic regression analysis was conducted for five variables (age, Borrmann type, localization, tumor size, and depth of invasion) that had been found to be significant using either Fisher\'s exact or chi-square tests. A logistic regression analysis showed that Borrmann type, localization, and depth of invasion were each a significant variable of No. 12p and No. 12b LN metastases (*P* = 0.029, *P* = 0.025, and *P* = 0.009, respectively).

LNs metastases {#ss9}
--------------

All patients underwent radical gastrectomies, including total gastrectomies in 117 cases (71.8%) and distal gastrectomies in 46 cases (28.2%). The metastatic rates for each LN are shown in [Table V](#T5){ref-type="table"}. The presence of metastasis in the No. 3 (*P* = 0.015), No. 5 (*P* = 0.000), No. 7 (*P* = 0.003), No. 9 (*P* = 0.027), and No. 12a (*P* = 0.000) LNs was found to differ significantly between patients with and without No. 12p and No. 12b LN metastases ([Table V](#T5){ref-type="table"}). A logistic regression analysis also showed that metastases to the No. 5 (*P* = 0.006) and No. 12a (*P* = 0.004) LNs were associated with 6.9- and 11.3-fold increases, respectively, for risk of No. 12p and No. 12b LN metastases ([Table VI](#T6){ref-type="table"}).

###### 

Regional LNs metastases in 163 patients with No. 12p and No. 12b metastases.

            LNs metastases (*n*, %)   No. 12p/b metastases (*n*, %)   *P* value
  --------- ------------------------- ------------------------------- -----------
  No. 1     56/163 (34.4)             7/15 (46.7)                     0.292
  No. 2     33/117 (28.2)             5/15 (33.3)                     0.869
  No. 3     93/163 (57.1)             13/15 (86.7)                    0.015
  No. 4sa   17/117 (14.5)             3/15 (20.0)                     0.801
  No. 4sb   23/163 (14.1)             5/15 (33.3)                     0.064
  No. 4d    35/163 (21.5)             6/15 (40.0)                     0.133
  No. 5     27/163 (16.6)             9/15 (60.0)                     0.000
  No. 6     12/163 (7.4)              3/15 (20.0)                     0.148
  No. 7     45/163 (27.6)             9/15 (60.0)                     0.003
  No. 8a    19/163 (11.7)             4/15 (26.7)                     0.139
  No. 9     8/163 (4.9)               3/15 (20.0)                     0.027
  No. 10    18/117 (15.4)             3/15 (20.0)                     0.883
  No. 11    16/163 (9.8)              2/15 (13.3)                     0.631
  No. 12a   21/163 (12.9)             8/15 (53.3)                     0.000

No. 1 = right paracardial; No. 2 = left paracardial; No. 3 = lesser curvature; No. 4a = along short gastric vessels; No. 4sb = along left gastroepiploic vessels; No. 4d = along right gastroepiploic vessels; No. 5 = suprapyloric; No. 6 = infrapyloric; No. 7 = along left gastric artery; No. 8a = anterosuperior group; No. 9 = around celiac axis; No. 10 = splenic hilum; No. 11 = along splenic artery; No. 12a = along hepatic artery in the hepatoduodenal ligament.

###### 

Logistic regression analysis of LN metastasis for No. 12p and No. 12b LN metastases.

            B value   SE      Wald    *P* value   Hazard ratio (95% CI)
  --------- --------- ------- ------- ----------- ------------------------
  No. 3     1.442     0.813   3.141   0.076       4.227 (0.859--20.815)
  No. 5     1.935     0.702   7.590   0.006       6.921 (1.748--27.409)
  No. 7     0.764     0.682   1.254   0.263       2.147 (0.564--8.177)
  No. 9     -0.083    1.020   0.007   0.935       0.920 (0.125--6.789)
  No. 12a   2.428     0.843   8.304   0.004       11.340 (2.174--59.146)

Significant LNs were extracted for further analysis, carried out using a logistic regression method. A logistic regression analysis showed that the metastasis to the No. 5 and No. 12a LNs were each a significant variable for No. 12p and 12b LN metastases (*P* = 0.006 and *P* = 0.004, respectively).

Survival {#ss10}
--------

The 5-year survival rates were 13.3% in patients with No. 12p and No. 12b LN metastases and 35.1% in patients without No. 12p and No. 12b LN metastases, a difference that was found to be statistically significant between these two groups ([Figure 1](#F1){ref-type="fig"}).

![Survival in 163 patients with and without No. 12p and No. 12b LN metastases. There were significant differences in the 5-year survival rate between patients with and without No. 12p and No. 12b LN metastases (13.3% versus 35.1%, *P* = 0.022).](UPS-118-9-f001){#F1}

Discussion {#ss11}
==========

Surgical resection is a curative treatment that is available for advanced GC, and lymphadenectomy is an important part of curative resection ([@CIT0022; @CIT0023]). Theoretically, radical dissections of LNs by extended lymphadenectomy increase the possibility of curing advanced GC. However, the extent of LN dissection is also a significant risk factor for complications and death ([@CIT0024; @CIT0025]). D2 dissection is a standard procedure for patients with GC in Japan, and since the 1990s it has been increasingly employed to treat patients with GC in China ([@CIT0002; @CIT0003; @CIT0006]). The D2 gastrectomy procedure is known as 'extended\' in Europe, while Japanese surgeons employ D2 as the standard technique, and use the term 'extended\' for para-aortic dissection ([@CIT0026; @CIT0027]). The mortality of D2 gastrectomy is approximately 5% in Western countries, whereas it is less than 2% in Japan, and less than 1% in specialized institutions ([@CIT0026; @CIT0028]). Here, we examined the clinicopathological characteristics of advanced GC patients with No. 12p and No. 12b LN metastases to clarify their associated risk factors.

Our study showed that metastases to the No. 12p and No. 12b LNs occurred in 9.2% (15/163) and 3.1% (5/163) of cases, respectively. Maruyama et al. ([@CIT0016]) calculated the risk for LN metastasis in each station based on the location of the primary tumor and showed that the metastatic rate to No. 12 LNs was 4.2%. They also reported that GCs in the lower one-third of the stomach had a higher incidence of metastasis to No. 12 LNs (6.8%) when compared to cancers of the middle (2.6%) and upper thirds (2.7%) of the stomach. Bollschweiler et al. ([@CIT0017]) showed that the metastatic rate of No. 12 LNs was 8.9%, but the rate of LN metastases for cancers in the middle third of the stomach was higher (11.0%) than those in the upper (3.3%) and lower thirds (6.7%) of the stomach. Wu et al. ([@CIT0018]) showed that metastasis to No. 12 LNs occurs at a rate of approximately 11.6% and reported a significantly increased frequency of N3 metastases, which is largely the result of metastases to the No. 12 LNs (*P* = 0.0012). The results of our study were similar but did not reach statistical significance ([Table II](#T2){ref-type="table"}). In our study, the rate of metastasis to No. 12 LNs was higher primarily because the patients in our study were diagnosed with advanced-stage disease. The percentages of N0 stage in GC patients were 50% and 30.2% in Maruyama\'s ([@CIT0016]) and Bollschweiler\'s ([@CIT0017]) studies, respectively.

Our study also showed that Borrmann type (III/IV versus I/II) and depth of invasion (pT4 versus pT2/pT3) were associated with 11.1- and 5.6-fold increases, respectively, for risk of No. 12p and No. 12b LN metastases. Zhang et al. ([@CIT0029]) showed that the factors that independently correlated with poor survival in GC patients included advanced stage, location in the upper third of the stomach, poor differentiation, and Borrmann type. Xu et al. ([@CIT0030]) studied the risk factors of early GC patients with LN metastases, and the results showed that depth of invasion, histological type, lymphatic invasion, and tumor size were independent risk factors for LN involvement. In our opinion, Borrmann type and depth of invasion should be carefully observed during operations because they are independent predictors for No. 12p and No. 12b LN metastases. Our study also showed that localization is a significant variable. In our study, the metastatic rate of No. 12p and No. 12b LNs was higher for cancers located in the lesser curvature than in the greater curvature (46.7% versus 13.3%). It was previously suggested that the number of metastatic LNs is a prognostic factor for GC ([@CIT0025; @CIT0031]). However, recent studies, most of which have been carried out in Western populations, have demonstrated that the metastatic LN ratio is a more reliable prognostic factor ([@CIT0026; @CIT0032]). Our study showed that the No. 5 and No. 12a LNs are associated with 6.9- and 11.3-fold increases, respectively, for risk of No. 12p and No. 12b LN metastases. Based on these results, we conclude that individuals with No. 5 or No. 12a LN metastases should be on high alert for the possibility of No. 12p LN and No. 12b LN metastases.

The potential limitations of the present study include the relatively small number of patients, the use of a retrospective analysis, and the short duration of the mean follow-up duration. In addition, due to the limited number of patients with No. 12p and No. 12b LN metastases, our analysis may suffer from type I or type II error. The results of the study should therefore be regarded with caution. Further studies are needed to explore its long-term effect.

In conclusion, our study showed that Borrmann type, localization, and depth of invasion are significant variables for predicting No. 12p and No. 12b LN metastases. As a result, patients with No. 5 or No. 12a LN metastases should be examined carefully for the possibility of No. 12p and No. 12b LN metastases.
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